[Designation of Document] Specification 

[Title of the Invention] RESONATOR PIECE, RESONATOR, OSCILLATOR AND 

ELECTRONIC DEVICE 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Belongs] 
[0002] 

The present invention relates to a resonator piece comprising, for example, 
crystal, a resonator including the resonator piece, an oscillator disposed with the 
resonator, and an electronic device. 
[0003] 

[Related Art] 

Conventionally, a crystal tuning fork resonator piece, which is for example a 
resonator piece, is configured as shown, for example, in Fig. 9. 

That is, a crystal tuning fork resonator piece 10 includes a base portion 11 
and two arm portions 12 and 13 that are formed so as to project from the base portion 
11. Additionally, grooves 12a and 13a are disposed in the two arm portions 12 and 
13. 

[0004] 

The grooves 12a and 13a are similarly disposed on back surfaces of the arm 
portions 12 and 13 that are not shown in Fig. 9. 

For this reason, as shown in Fig. 10, which is a cross-sectional view along E- 
E' of Fig. 9, the arm portions 12 and 13 are formed so that the cross-sectional shapes 
thereof have substantial "H" shapes. 

The substantially H-shaped crystal tuning fork resonator piece 10 has the 
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characteristic that, even if the size of the resonator piece is made significantly 
compact than the conventional piece, resonation loss of the arm portions 12 and 13 is 
kept low and the CI value (crystal impedance or equivalent series resistance) can also 
be kept low. 
[0005] 

For this reason, the substantially H-shaped crystal tuning fork resonator 
piece 10 is particularly suited, for example, for a resonator of which compactness and 
high-precision performance are demanded. As this resonator, there is a compact 
resonator or the like whose resonance frequency is, for example, 32.768 kH, and 
using the substantially H-shaped crystal tuning fork resonator piece 10 as a resonator 
piece in this resonator is being investigated. Additionally, a compact resonator or the 
like whose resonance frequency is 32.768 kH will eventually be incorporated and 
used in precision equipment such as, for example, watches or the like. 
[0006] 

When a current is applied from the outside to the above mentioned 
substantially H-shaped crystal tuning fork resonator piece 10, the arm portions 12 and 
13 resonate. Specifically, groove electrodes are formed in the grooves 12a and 13a 
shown in Figs. 9 and 10, and side surface electrodes are formed in both side surfaces 
12b and 13b, which are surfaces of the arm portions 12 and 13 in which the grooves 
12a and 13a are not disposed. Additionally, when the current is applied, an electrical 
field arises between the groove electrodes and the side surface electrodes, so that the 
arm portions 12 and 13 resonate. 
[0007] 

As described above, the current is applied to the groove electrodes and the 
side surface electrodes from the outside. Specifically, the current is supplied from 
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the outside to the groove electrodes and the side surface electrodes via a base portion 
electrode disposed at the base portion 11 of the crystal tuning fork resonator piece 10. 

For this reason, connection electrodes that connect the base portion electrode 
with the groove electrodes and the side surface electrodes become necessary. Of 
these connection electrodes, a groove electrode-use connection electrode that 
connects the base portion electrode with the groove electrodes is disposed at a base 
portion surface 11c in Fig. 9. Also, side surface electrode-use connection electrodes 
that connect the base portion electrode and the side surface electrodes are disposed, 
for example, at the base portion surface 11c and an arm portion surface 12c. 
[0008] 

However, because the groove 12a and the groove electrode are formed in the 
arm portion surface 1 2c, the side surface electrode-use connection electrode disposed 
at the arm portion surface 12c must be disposed in a portion where the groove 12a is 
not formed (diagonal line portion in Fig. 9), therefore, the side surface electrode-use 
connection electrode is disposed in this region. 
[0009] 

[Problem that the Invention is to Solve] 

However, as described above, because the substantially H-shaped crystal 
tuning fork resonator piece 10 is mounted in a compact resonator or the like whose 
resonance frequency is, for example, 32.768 kH, compactness is particularly 
demanded. In accompaniment therewith, the width of the arm portions 12 and 13 in 
the horizontal direction in Fig. 11 is made compact, to about 0.1 mm, and the width 
in the horizontal direction of the grooves 12a and 13a in the horizontal direction in 
the drawing is made compact, to about 0.07 mm. 
[0010] 
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Thus, a width W in the drawing of the region (diagonal line portion in Fig. 9) 
in the arm portion surface 12c disposed with the side surface electrode-use 
connection electrode connecting the above mentioned base portion electrode with the 
side surface electrodes ends up being limited to, for example, about 0.015 mm. 

Incidentally, it is necessary for the width of the side surface electrode-use 
connection electrode disposed on the arm portion surface 12c to be, at the narrowest, 
about 0.01 mm. Theoretically, the space between the side surface electrode-use 
connection electrodes and the groove electrodes or the groove electrode-use 
connection electrodes is a mere 0.005 mm. There have thus been the problems that, 
when consideration is given to error in the actual manufacturing process, the side 
surface electrode-use connection electrodes and the groove electrodes or the groove 
electrode-use connection electrodes make contact and the potential to cause other 
short circuits is high, which is a cause of defects in the resonator piece. 
[0011] 

Fig. 1 1 is a schematic enlarged view of the F portion of Fig. 9. In order to 
widen the region (diagonal line portion) in the arm portion surface 12c disposed with 
the side surface electrode-use connection electrode, there is also a method where the 
shape of the groove 12c at this portion is formed by narrowing only one side as 
shown, for example, in Fig. 11. However, when the shape of the groove is formed in 
this manner, the arm 12 is asymmetrically formed with respect to a longitudinal- 
direction hypothetical line C-C of the groove 12a of the arm 12. Thus, there have 
been the problems that the balance of the resonating of the arm 12 collapses, the 
natural frequency determined by the shape changes, the CI value representing 
stability of the frequency of the resonator piece and vibrational energy loss increases, 
and fluctuations occur. 
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[0012] 

Thus, in light of the aforementioned points, it is an object of the present 
invention to provide a resonator piece, a resonator, an oscillator and an electronic 
device that can prevent in advance defects from arising in the electrodes and whose 
frequency characteristics and CI value of the resonator piece are stable. 
[0013] 

[Means for Solving the Problem] 

According to the invention of claim 1, the aforementioned object is achieved 
by a resonator piece including: a base portion in which a base portion electrode 
portion is formed; resonating arm portions formed so as to project from the base 
portion; groove portions including groove electrode portions formed in front surfaces 
and/or back surfaces of the resonating arm portions; side surface electrode portions 
formed in side surfaces of the resonating arm portions in which the groove portions 
of the resonating arm portions are not formed; groove electrode-use connection 
electrode portions that connect the base portion electrode portion with the groove 
electrode portions; and side surface electrode-use connection electrode portions that 
connect the base portion electrode portion with the side surface electrode portions, 
wherein the width of the base portion side of openings of the groove portions is 
formed narrower than the width of other portions, with connection electrode 
disposition portions for disposing the groove electrode-use connection electrode 
portions or the side surface electrode-use connection electrode portions being formed 
near the narrowly formed openings of the groove portions, and the shapes of the 
openings of the groove portions are formed so as to be substantially symmetrical with 
respect to hypothetical lines disposed along the longitudinal direction at width- 
direction centers of the groove portions. 
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[0014] 

According to the configuration of claim 1, the width of the base portion side 
of openings of the groove portions is formed narrower than the width of other 
portions, with connection electrode disposition portions for disposing the groove 
electrode-use connection electrode portions or the side surface electrode-use 
connection electrode portions being formed near the narrowly formed openings of the 
groove portions. 

Thus, by disposing the groove electrode-use connection electrode portions or 
the side surface electrode-use connection electrode portions at the connection 
electrode disposition portions, the groove electrode-use connection electrode portions 
or the side surface electrode-use connection electrode portions can be prevented from 
short-circuiting with the groove electrode portions and the side surface electrode 
portions so that defects can be prevented in advance from occurring in the resonator 
piece. 

Also, according to the configuration of claim 1, the shapes of the openings of 
the groove portions are formed so as to be substantially symmetrical with respect to 
hypothetical lines disposed along the longitudinal direction at width-direction centers 
of the groove portions. 

Thus, the balance of the resonating of the resonating arm portions does not 
collapse, the natural frequency determined by the shapes does not change, the 
frequency of the resonator piece is stable, there is no increase in the CI value 
representing vibrational energy loss, and fluctuations can be prevented in advance 
from occurring. 
[0015] 

Preferably, in a resonator piece according to the invention of claim 2, the 
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resonating arm portions in the configuration of claim 1 are plurally formed, and the 
shapes of the openings of the groove portions formed in the plurality of resonating 
arm portions are substantially the same. 

According to the configuration of claim 2, the resonating arm portions are 
plurally formed, and the shapes of the openings of the groove portions formed in the 
plurality of resonating arm portions are substantially the same. Thus, even with a 
resonator piece including the plurality of resonating arm portions, the groove 
electrode-use connection electrode portions or the side surface electrode-use 
connection electrode portions can be prevented from short-circuiting with the groove 
electrode portions and the side surface electrode portions so that defects can be 
prevented in advance from occurring in the resonator piece. Also, the balance of the 
resonating of the resonating arm portions does not collapse, the natural frequency 
determined by the shapes does not change, the frequency of the resonator piece is 
stable, there is no increase in the CI value representing vibrational energy loss, and 
fluctuations can be prevented in advance from occurring. 
[0016] 

Preferably, the resonator piece according to the invention of claim 3, the 
width of the narrowly formed openings of the groove portions in claim 1 or 2 is 
formed narrower than the width of the openings of the groove portions of other 
portions by about 0.02 mm. 

According to the configuration of claim 3, the width of the narrowly formed 
openings of the groove portions is formed narrower than the width of the openings of 
the groove portions of other portions by about 0.02 mm. Thus, because the width of 
the connection electrode disposition portions can be secured so that it is at least about 
0.05 mm wider than the width of the other portions, the groove electrode-use 
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connection electrode portions or the side surface electrode-use connection electrode 
portions can be prevented from short-circuiting with the groove electrode portions 
and the side surface electrode portions so that defects can be prevented in advance 
from occurring in the resonator piece. 
[0017] 

Preferably, in a resonator piece according to the invention of claim 4, the 
groove portions in the configuration of any of claims 1 to 3 are formed in the front 
surfaces and the back surfaces of the resonating arm portions, and in a case where 
cross sections of the each resonating arm portion are formed in a depth direction of 
the groove portions, the cross sections are formed in substantial "H" shapes. 
[0018] 

Preferably, according to the invention of claim 5, the resonator piece in the 
configuration of any of claims 1 to 4 is formed by a crystal tuning fork resonator 
piece. 
[0019] 

Preferably, in a resonator piece according to the invention of claim 6, the 
resonance frequency of the crystal tuning fork resonator piece in the configuration of 
claim 5 is substantially 32 kH. 
[0020] 

According to the configurations of claims 4 to 6, the groove electrode-use 
connection electrode portions or the side surface electrode-use connection electrode 
portions of the resonator piece can be prevented from short-circuiting with the groove 
electrode portions and the side surface electrode portions so that defects can be 
prevented in advance from occurring in the resonator piece. Also, the balance of the 
resonating of the resonating arm portions does not collapse, the natural frequency 
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determined by the shapes does not change, the frequency of the resonator piece is 
stable, there is no increase in the CI value representing vibrational energy loss, and 
fluctuations can be prevented in advance from occurring. 
[0021] 

According to the invention of claim 7, the aforementioned object is also 
achieved by a resonator in which a resonator piece is accommodated inside a 
package, the resonator piece including: a base portion in which a base portion 
electrode portion is formed; resonating arm portions formed so as to project from the 
base portion; groove portions including groove electrode portions formed in front 
surfaces and/or back surfaces of the resonating arm portions; side surface electrode 
portions formed in side surfaces of the resonating arm portions in which the groove 
portions of the resonating arm portions are not formed; groove electrode-use 
connection electrode portions that connect the base portion electrode portion with the 
groove electrode portions; and side surface electrode-use connection electrode 
portions that connect the base portion electrode portion with the side surface 
electrode portions, wherein the width of the base portion side of openings of the 
groove portions of the resonator piece is formed narrower than the width of other 
portions, with connection electrode disposition portions for disposing the groove 
electrode-use connection electrode portions or the side surface electrode-use 
connection electrode portions being formed near the narrowly formed openings of the 
groove portions, and the shapes of the openings of the groove portions are formed so 
as to be substantially symmetrical with respect to hypothetical lines disposed along 
the longitudinal direction at width-direction centers of the groove portions. 
[0022] 

According to the configuration of claim 7, the width of the base portion side 
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of openings of the groove portions of the resonator piece is formed narrower than the 
width of other portions, with connection electrode disposition portions for disposing 
the groove electrode-use connection electrode portions or the side surface electrode- 
use connection electrode portions being formed near the narrowly formed openings 
of the groove portions. 

Thus, in the resonator piece by disposing the groove electrode-use 
connection electrode portions or the side surface electrode-use connection electrode 
portions at the connection electrode disposition portions, the groove electrode-use 
connection electrode portions or the side surface electrode-use connection electrode 
portions can be prevented from short-circuiting with the groove electrode portions 
and the side surface electrode portions so that defects can be prevented in advance 
from occurring in the resonator piece. 

Also, according to the configuration of claim 7, the shapes of the openings of 
the groove portions of the resonator piece are formed so as to be substantially 
symmetrical with respect to hypothetical lines disposed along the longitudinal 
direction at width-direction centers of the groove portions. 

Thus, in the resonator piece the balance of the resonating of the resonating 
arm portions does not collapse, the natural frequency determined by the shapes does 
not change, the frequency of the resonator piece is stable, there is no increase in the 
CI value representing vibrational energy loss, and fluctuations can be prevented in 
advance from occurring. 
[0023] 

Preferably, in the resonator according to the invention of claim 8, the 
resonating arm portions of the resonator piece in the configuration of claim 7 are 
plurally formed, and the shapes of the openings of the groove portions formed in the 
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plurality of resonating arm portions are substantially the same. 

In the resonator according to the configuration of claim 8, the resonating arm 
portions of the resonator piece are plurally formed, and the shapes of the openings of 
the groove portions formed in the plurality of resonating arm portions are 
substantially the same. Thus, even with a resonator piece including the plurality of 
resonating arm portions, the groove electrode-use connection electrode portions or 
the side surface electrode-use connection electrode portions can be prevented from 
short-circuiting with the groove electrode portions and the side surface electrode 
portions so that defects can be prevented in advance from occurring in the resonator 
piece. Also, the balance of the resonating of the resonating arm portions does not 
collapse, the natural frequency determined by the shapes does not change, the 
frequency of the resonator piece is stable, there is no increase in the CI value 
representing vibrational energy loss, and fluctuations can be prevented in advance 
from occurring. 
[0024] 

Preferably, according to the invention of claim 9, the width of the narrowly 
formed openings of the groove portions of the resonator piece in the configuration of 
claim 7 or 8 is formed narrower than the width of the openings of the groove portions 
of other portions by about 0.02 mm. 

According to the configuration of claim 9, the width of the narrowly formed 
openings of the groove portions of the resonator piece is formed narrower than the 
width of the openings of the groove portions of other portions by about 0.02 mm. 
Thus, in the resonator, because the width of the connection electrode disposition 
portions can be secured so that it is at least about 0.05 mm wider than the width of 
the other portions, the groove electrode-use connection electrode portions or the side 
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surface electrode-use connection electrode portions can be prevented from short- 
circuiting with the groove electrode portions and the side surface electrode portions 
so that defects can be prevented in advance from occurring in the resonator piece. 
[0025] 

Preferably, in the resonator according to the invention of claim 10, the 
groove portions of the resonator piece in the configuration of any of claims 7 to 9 are 
formed in the front surfaces and the back surfaces of the resonating arm portions, and 
in a case where cross sections of the each resonating arm portion are formed in a 
depth direction of the groove portions, the cross sections are formed in substantial 
"H" shapes. 
[0026] 

Preferably, in the resonator according to the invention of claim 11, the 
resonator piece in any of claims 7 to 10 is formed by a crystal tuning fork resonator 
piece. 
[0027] 

Preferably, in the resonator according to the invention of claim 12, the 
resonance frequency of the crystal tuning fork resonator piece in the configuration of 
claim 1 1 is substantially 32 kH. 
[0028] 

Preferably, in the resonator according to the invention of claim 13, the 
package in the configuration of any of claims 7 to 12 is formed in a box shape. 
[0029] 

Preferably, in the resonator according to the invention of claim 14, the 
package in the configuration of any of claims 8 to 14 is formed in a so-called cylinder 
type 
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[0030] 

In the resonator according to the configurations of claims 10 to 14, the 
groove electrode-use connection electrode portions or the side surface electrode-use 
connection electrode portions of the resonator piece can be prevented from short- 
circuiting with the groove electrode portions and the side surface electrode portions 
so that defects can be prevented in advance from occurring in the resonator piece. 
Also, the balance of the resonating of the resonating arm portions does not collapse, 
the natural frequency determined by the shapes does not change, the frequency of the 
resonator piece is stable, there is no increase in the CI value representing vibrational 
energy loss, and fluctuations can be prevented in advance from occurring. 
[0031] 

According to the invention of claim 15, the aforementioned object is also 
achieved by an oscillator in which a resonator piece and an integrated circuit are 
accommodated inside a package, the resonator piece including: a base portion in 
which a base portion electrode portion is formed; resonating arm portions formed so 
as to project from the base portion; groove portions including groove electrode 
portions formed in front surfaces and/or back surfaces of the resonating arm portions; 
side surface electrode portions formed in side surfaces of the resonating arm portions 
in which the groove portions of the resonating arm portions are not formed; groove 
electrode-use connection electrode portions that connect the base portion electrode 
portion with the groove electrode portions; and side surface electrode-use connection 
electrode portions that connect the base portion electrode portion with the side 
surface electrode portions, wherein the width of the base portion side of openings of 
the groove portions of the resonator piece is formed narrower than the width of other 
portions, with connection electrode disposition portions for disposing the groove 
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electrode-use connection electrode portions or the side surface electrode-use 
connection electrode portions being formed near the narrowly formed openings of the 
groove portions, and the shapes of the openings of the groove portions are formed so 
as to be substantially symmetrical with respect to hypothetical lines disposed along 
the longitudinal direction at width-direction centers of the groove portions. 
[0032] 

According to the invention of claim 16, the aforementioned object is also 
achieved by an electronic device used to connect a resonator, in which a resonator 
piece is accommodated inside a package, to a control unit, with the resonator piece 
including: a base portion in which a base portion electrode portion is formed; 
resonating arm portions formed so as to project from the base portion; groove 
portions including groove electrode portions formed in front surfaces and/or back 
surfaces of the resonating arm portions; side surface electrode portions formed in side 
surfaces of the resonating arm portions in which the groove portions of the resonating 
arm portions are not formed; groove electrode-use connection electrode portions that 
connect the base portion electrode portion with the groove electrode portions; and 
side surface electrode-use connection electrode portions that connect the base portion 
electrode portion with the side surface electrode portions, wherein the width of the 
base portion side of openings of the groove portions of the resonator piece is formed 
narrower than the width of other portions, with connection electrode disposition 
portions for disposing the groove electrode-use connection electrode portions or the 
side surface electrode-use connection electrode portions being formed near the 
narrowly formed openings of the groove portions, and the shapes of the openings of 
the groove portions are formed so as to be substantially symmetrical with respect to 
hypothetical lines disposed along the longitudinal direction at width-direction centers 
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of the groove portions. 
[0033] 

According to the configurations of claim 15 or 16, the width of the base 
portion side of openings of the groove portions of the resonator piece is formed 
narrower than the width of other portions, with connection electrode disposition 
portions for disposing the groove electrode-use connection electrode portions or the 
side surface electrode-use connection electrode portions being formed near the 
narrowly formed openings of the groove portions. 

Thus, by disposing the groove electrode-use connection electrode portions or 
the side surface electrode-use connection electrode portions at the connection 
electrode disposition portions, the groove electrode-use connection electrode portions 
or the side surface electrode-use connection electrode portions can be prevented from 
short-circuiting with the groove electrode portions and the side surface electrode 
portions so that defects can be prevented in advance from occurring in the resonator 
piece. 

Also, according to the configurations of claim 15 or 16, the shapes of the 
openings of the groove portions of the resonator piece are formed so as to be 
substantially symmetrical with respect to hypothetical lines disposed along the 
longitudinal direction at width-direction centers of the groove portions. 

Thus, the balance of the resonating of the resonating arm portions does not 
collapse, the natural frequency determined by the shapes does not change, the 
frequency of the resonator piece is stable, there is no increase in the CI value 
representing vibrational energy loss, and fluctuations can be prevented in advance 
from occurring. 
[0034] 
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[Modes for Carrying Out the Invention] 

Preferable embodiments of the invention will be described in detail below on 
the basis of the attached drawings. 

It should be noted that the embodiments described below are preferable 
specific examples of the invention to which various technically preferable limitations 
have been added, but the scope of the invention is not limited to these embodiments 
unless otherwise stated in the following description. 
[0035] 

(First Embodiment) 

Fig. 1 is a schematic diagram showing a substantially H-shaped crystal 
tuning fork resonator piece 100 that is a resonator piece according to a first 
embodiment of the invention. 

The substantially H-shaped crystal tuning fork resonator 100 is formed by 
being cut out from, for example, a monocrystal of crystal and processed into a tuning 
fork. In this case, the piece is cut out from a monocrystal of crystal so that the X axis 
shown in Fig. 1 is the electrical axis, the Y axis is the mechanical axis and the Z axis 
is the optical axis. 

Because the electrical axis is disposed in the X-axis direction in this manner, 
the substantially H-shaped crystal tuning fork resonator piece 100 is suited for 
electronic devices such as cellular phone devices of which high precision is 
demanded. 
[0036] 

More precisely, when the crystal tuning fork resonator piece 100 is cut out 
from a monocrystal of crystal, the substantially H-shaped crystal tuning fork 
resonator piece 100 is formed as a so-called crystal Z plate where an XY plane 
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comprising the X axis and the Y axis is tilted about 1 degree to 5 degrees in a 
counter-clockwise direction around the X axis in the rectangular coordinate system 
comprising the X axis, the Y axis and the Z axis. 
[0037] 

The substantially H-shaped crystal tuning fork resonator piece 100 includes 
a base portion 140 and two arm portions 120 and 130, which are resonating arm 
portions, formed so as to project from the base portion 140 in the Y-axis direction in 
the drawing. 

As shown in Figs. 1 and 2, groove portions 120a and 130a are respectively 
formed in surfaces 120c and 130c of the two arm portions 120 and 130. Fig. 2 is a 
schematic cross-sectional view along line A- A' of Fig. L The groove portions 120a 
and 130a are similarly formed in back surfaces of the two arm portions 120 and 130, 
as shown in Fig. 2. 

Thus, because the groove portions 120a or the like are disposed in the arm 
portions 120 and 130, as shown in Fig. 2, in the vertical direction in the drawing, the 
cross-sectional shapes thereof are formed in substantial "H" shapes. 

Thus, because the cross-sectional shapes are substantially H-shaped, the 
piece is called the substantially H-shaped crystal tuning fork resonator piece 100. 
[0038] 

As shown in Fig. 1, electrodes (diagonal line portions in the drawing) are 
formed on the substantially H-shaped crystal tuning fork resonator piece 100. That 
is, as shown in Fig. 1, a base portion electrode 140d is formed at the base portion 
140, and groove electrodes 120d and 130d are respectively formed in the groove 
portions 120a and 130a of the arm portions 120 and 130. 

Also, side surface electrodes 120e and 130e are formed at respective side 
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surfaces 120b, 120b, 130b and 130b of both of the arm portions 120 and 130 shown 

in Fig. 2. 

[0039] 

Of these side surface electrodes 120e and 130e, the side surface electrode 
120e disposed at the outer side in the drawing of the arm portion 120 of Fig. 2 and 
the side surface electrode 130e disposed at the outer side in the drawing of the arm 
portion 130 are connected to the base portion electrode 140d via side surface 
electrode-use connection electrodes 141, as shown in Fig. 1. 

Also, the side surface electrode 120e disposed at the inner side in the 
drawing of the arm portion 120 of Fig. 2 is connected to the side surface electrode- 
use connection electrode 141, and this side surface electrode-use connection 
electrode 141 is connected to the base portion electrode 140 at the back surface of the 
drawing. 
[0040] 

As shown in Fig. 1, groove electrode-use connection electrodes 142 for 
connecting the groove electrodes 120d and 130d with the base portion electrode 140d 
are formed. The groove electrode-use connection electrodes 142 are connected to the 
base portion electrode 140d at the front surface and back surface of the base portion 
140 of Fig. 1. 

The substantially H-shaped crystal tuning fork resonator 100 has a resonance 
frequency of, for example, 32.768 kH and is remarkably compact in comparison to a 
conventional crystal tuning fork resonator of 32.768 kH. 
[0041] 

That is, as shown in Fig. 1 , the length of the substantially H-shaped crystal 
tuning fork resonator 00 in the Y-axis direction is, for example, about 2.2 mm, and 
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the width of the substantially H-shaped crystal tuning fork resonator 100 in the X- 
axis direction is, for example, about 0.5 mm. 

These dimensions are remarkably small in comparison to the 3.6 mm (Y-axis 
direction) and 0.69 mm (X-axis direction) that are the common dimensions of a 
conventional crystal tuning fork resonator piece. 

Also, the length of the arm portion 120 in the Y-axis direction shown in Fig. 
1 is, for example, about 1.6 mm and the width of each arm portion 120 and 130 in the 
X-axis direction is, for example, about 0.1 mm. 

The size of the arm portion 120 is remarkably small in comparison to the 2.4 
mm (Y-axis direction) and the 0.23 mm (X-axis direction) that are the common 
dimensions of conventional arm portions. 
[0042] 

As shown in Figs. 1 and 2, the groove portions 120a and 130a are formed in 
the arm portions 120 and 130 that are remarkably small in comparison to a 
conventional crystal tuning fork resonator piece. The groove portions 120a and 130a 
are formed at a length of, for example, about 0.8 mm in the Y-axis direction in the 
surfaces 120c and 130c of the arm portions 120 and 130. 

Fig. 3 is a schematic diagram where the portion represented by B of Fig. 1 
has been enlarged. As shown in Fig. 3, the width of the groove portions 120a and 
130a in the X-axis direction is, for example, about 0.07 mm, and the depth of the 
groove portions 120a and 130a in the Z-axis direction is, for example, from about 
0.02 to about 0.045 mm. 
[0043] 

Also, the base portion 140 side of openings of the groove portions 120a and 
130a (e.g., the portions from bottom end portions of the groove portions 120a and 
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130a to 0.2 mm) are narrowly formed, as shown in Fig. 3. These are, for example, 
about 0.05 mm and are formed to be about 0.02 mm narrower than the 
aforementioned 0.07 mm. For example, the shape of the opening of the groove 
portion 120a is formed so as to be substantially symmetrical with respect to a 
hypothetical line C-C disposed in the longitudinal direction at the width-direction 
center of the groove portion shown in Fig. 3. Additionally, the groove portion 130a 
of the other arm portion 130 is similarly formed to have this substantial symmetry. 
[0044] 

In this manner, the portions at the base portion side of the groove portions 
120a and 130a are narrowly formed. For example, as shown in Fig. 3, the narrowed 
portion of the base portion side of the arm portion 120 is formed narrower by 0.01 
mm at the left side and by 0.01 mm at the right side. 

For this reason, the groove electrodes 120a to be disposed at these narrowly 
formed portions can be made smaller by 0.01 mm in the width direction and 
disposed. A connection electrode disposition portion D is formed at the narrow left 
side of the groove portion 120a of the arm portion 120, and the side surface 
electrode-use connection electrode 141 is disposed at the connection electrode 
disposition portion D in order to be connected with the side surface electrode 120e at 
the inner side of the arm portion 120. 

Conventionally, when the side surface electrode-use connection electrode 
141 is disposed in a state where the groove portions 120a are not narrowly formed, 
the gap between the groove electrodes 120a formed in the groove portions 120a and 
the side surface electrode-use connection electrode 141 has been a mere 0.01 mm and 
dangers such as short circuits have been great. 
[0045] 
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However, in the present embodiment, the groove portions 120a are narrowly 
formed with a length of 0.2 mm from the bottom end portion and with the left side 
being narrower by 0.01 mm. Thus, the width of the groove electrodes 120a is also 
narrower by 0.01 mm. Additionally, when the side surface electrode-use connection 
electrode 141 is disposed at the left side (inner side) of the arm portion 120, as shown 
in Fig. 3, the interval between the side surface electrode-use connection electrode 141 
and the groove electrode 120a increases to 0.02 mm over the conventional width by 
0.01 mm. 

Thus, the high-performance crystal tuning fork resonator piece 1 00, in which 
it is difficult for short circuiting or the like between the side surface electrode-use 
connection electrode 141 and the groove electrode 120a to occur, is formed. 
[0046] 

Also, as described above, the crystal tuning fork resonator piece 100 
according to the present embodiment is formed so that the shapes of the openings of 
the groove portions 120a and 130a of both arm portions 120 and 130 are substantially 
symmetrical with respect to the hypothetical lines C-C disposed in the longitudinal 
direction at the width-direction centers of the groove portions shown in Fig. 3. 

Fig. 4(a) is a graph showing the frequency average and standard deviation in 
a case where the shapes of the openings of the groove portions are asymmetrical with 
respect to the hypothetical lines C-C\ Fig. 4(b) is a graph showing the frequency 
average and standard deviation of the crystal timing fork resonator piece 100 
according to the present embodiment. 
[0047] 

As shown in Figs. 4(a) and 4(b), the frequency average of the crystal tuning 
fork resonator piece 100 according to the present embodiment is 32.93587 kHz and 
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the standard deviation is 0.054965 kHz. The frequency average in the case where the 
shapes of the openings of the groove portions are asymmetrical is 32.91773 kHz and 
the standard deviation is 0.092611 kHz. 

Thus, it will be understood that the crystal tuning fork resonator piece 100 of 
the present embodiment is, in comparison to the case where the shapes of the 
openings of the groove portions are asymmetrical, an excellent resonator piece whose 
frequency is stable, in which the CI value representing vibrational energy loss does, 
not increase, and in which fluctuations resulting from the resonator piece are difficult 
to occur. 

This is because, by disposing the shapes of the openings of the groove 
portions 120a and 130a to be substantially symmetrical with respect to the 
hypothetical lines C-C\ it becomes difficult for the balance of the resonating of the 
arm portions 120 and 130 to collapse, and it also becomes difficult for the natural 
frequency determined by the shapes to change. 
[0048] 

Although an example was described in the present embodiment where one 
side of the lower end portions of the groove portions 120a was narrowed by 0.01 mm, 
sometimes the CI value rapidly rises when the lower end portions are made larger 
than this. For this reason, it is preferable to select this value in a range that can allow 
for a rise in the CI value and yield resulting from short circuiting between the side 
surface electrode-use connection electrodes 141 and the groove electrodes 120a. 

Also, although an example was described in the present embodiment where 
the groove portions become narrow at the length of 0.2 mm from the bottom end 
portions of the groove portions 120a, it is best for the length of these narrowing 
portions to be as short as possible. Although the lower limit of shortness depends on 
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the precision and reliability of the process, as a result of experimentation, there was 
little rise in the CI value and short circuiting of electrodes did not occur even with a 
length of 0.05 mm. Thus, it is possible to shorten the length to about 0.05 mm. 
[0049] 

The electrodes such as the groove electrodes 120d and the side surface 
electrodes 120e disposed in this manner specifically comprise multiple layers, for 
example, two layers, with the lower layer being formed from Cr and the upper layer 
being formed from Au. In this case, Ni or Ti or the like may also be used instead of 
Cr. 

There is also a case where the electrodes comprise one layer. In this case, an 
Al layer is used. In addition, an Al electrode whose surface has been anodized, or a 
single-layer Cr electrode having formed on the Cr layer Si02 or the like as a 
protective layer, can also be used. 

Moreover, the thickness of the electrode is such that the lower Cr layer is 
100 A to 900 A and the upper Au layer is 500 A to 1000 A. 
[0050] 

The crystal tuning fork resonator piece 100 according to the present 
embodiment is configured as described above, and the operation or the like thereof 
will be described below. 

First, a current is supplied, from an unillustrated power source outside of the 
crystal tuning fork resonator piece 100, to the base portion electrode 140d of the base 
portion 140. When this happens, the current is respectively supplied to the side 
surface electrodes 120e and the groove electrodes 120d via the side surface electrode- 
use connection electrodes 141 and the groove electrode-use connection electrodes 
142. 
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In this case, because the connection electrode disposition portion represented 
by D in Fig. 3 is formed between the side surface electrode-use connection electrode 
141 and the groove electrode 120d or the like, contact and short circuiting or the like 
do not occur between the side surface electrode-use connection electrode 141 and the 
groove electrode 120d, even if there is manufacturing error. 
[0051] 

When the current is applied to the groove electrodes 120d and the side 
surface electrodes 120e in this manner, an electrical field is generated between the 
groove electrodes 120d and the side surface electrodes 120e, and the electrical field is 
deeply distributed inside the crystal, which is a piezoelectric body. 

Due to the distribution of the electrical field, the arm portions 120 and 130, 
which are piezoelectric bodies, resonate, whereby the tuning fork resonator piece 
lOOresonates. 

In this case, the shapes of the openings of the groove portions 120a and 130a 
of the arm portions 120 and 130 are formed so as to be substantially symmetrical 
with respect to the hypothetical lines C-C\ Thus, the balance of the resonating of the 
arm portions 120 and 130 does not collapse and the natural frequency determined by 
the shapes does not change. For this reason, the frequency of the crystal tuning fork 
resonator piece 100 is stable, there is no increase in the CI value representing 
vibrational energy loss, and fluctuations can be prevented in advance from occurring. 
[0052] 

Moreover, the oscillation frequency in this case is, for example, 32.768 kH. 
Because the cross-sectional shapes of the arm portions 120 and 130 are formed in 
substantial <C H" shapes as shown in Fig. 2, the crystal tuning fork resonator piece 100 
according to the present embodiment is a resonator piece whose performance is 
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improved despite the fact that it is remarkably compact in comparison to a 

conventional crystal tuning fork resonator of 32.768 kH. 

[0053] 

Because the shape of the above described connection electrode disposition 
portion D can be formed simply by narrowing the width of the groove portions 120a 
of the arm portion 120, it is not necessary to dispose a special configuration in the 
substantially H-shaped crystal tuning fork resonator piece 100, and manufacturing 
costs do not rise. 
[0054] 

(Second Embodiment) 

Fig. 5 is a diagram showing a ceramic package tuning fork resonator 200, 
which is a resonator according to a second embodiment of the invention. 

The ceramic package tuning fork resonator 200 uses the crystal tuning fork 
resonator piece 100 of the first embodiment. Thus, with respect to the configuration 
and action or the like of the crystal tuning fork resonator piece 100, the same 
reference numerals will be added and description thereof will be omitted. 
[0055] 

Fig. 5 is a schematic cross-sectional view showing the configuration of the 
ceramic package tuning fork resonator 200. As shown in Fig. 5, the ceramic package 
tuning fork resonator 200 includes a box-shaped package 210 including a space 
thereinside. Abase portion 211 is disposed at the bottom portion of the package 210. 
The base portion 2 1 1 is configured by a ceramic or the like such as alumina. 
[0056] 

A seal portion 212 is disposed on top of the base portion 211. The seal 
portion 212 is formed from the same material as that of a cover portion 213. Also, 
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the cover portion 213 is disposed on the top of the seal portion 212 so that a hollow 
box is formed by the base portion 211, the seal portion 212 and the cover portion 213. 

A package-side electrode 214 is disposed on the base portion 211 of the 
package 210 formed in this manner. The base portion electrode 140d of the crystal 
tuning fork resonator piece 100 is fixed to the top of the package-side electrode 214 
via a conductive adhesive or the like. 
[0057] 

The crystal tuning fork resonator piece 100 resonates when a fixed current is 
applied from the package-side electrode 214. That is, as shown in Fig. 3, because the 
connection electrode disposition portion represented by D is formed between the side 
surface electrode-use connection electrode 141 and the groove electrode 120d in the 
crystal tuning fork resonator piece 100, contact and short circuiting or the like do not 
arise between the side surface electrode-use connection electrode 141 and the groove 
electrode 120d, even if there is manufacturing error. Thus, the ceramic package 
timing fork resonator 200, which can sufficiently exhibit the performance of the 
substantially H-shaped crystal tuning fork resonator piece 100, is formed. Also, the 
ceramic package tuning fork resonator 200 can be manufactured without raising 
manufacturing costs. 
[0058] 

Also, the shapes of the openings of the groove portions 120a and 130a of the 
arm portions 120 and 130 are formed so as to be substantially symmetrical with 
respect to the hypothetical lines C-C of Fig. 3. Thus, the balance of the resonating of 
the arm portions 120 and 130 does not collapse and the natural frequency determined 
by the shapes does not change. 

For this reason, the resonator is one where the frequency of the crystal 
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tuning fork resonator piece 100 is stable, there is no increase in the CI value 
representing vibrational energy loss, and fluctuations can be prevented in advance 
from occurring. 
[0059] 

(Third Embodiment) 

Fig. 6 is a diagram showing a digital cellular phone 300 that is an electronic 
device according to a third embodiment of the invention. 

The digital cellular phone 300 uses the ceramic package tuning fork 
resonator 200 of the preceding third embodiment and the crystal tuning fork 
resonator piece 100. 

Thus, with respect to the configuration and action of the ceramic package 
tuning fork resonator 200 and the substantially H-shaped crystal tuning fork resonator 
piece 100, the same reference numerals will be added and description thereof will be 
omitted. 
[0060] 

Fig. 6 is a schematic diagram showing a circuit block of the digital cellular 
phone 300. As shown in Fig. 6, when a user inputs his/her own voice into a 
microphone when transmitting with the digital cellular phone 300, a signal is 
transmitted from an antenna via a transmitter and an antenna switch through a pulse- 
width modulating/coding block and a modulator/demodulator block. 

A signal transmitted from another person's phone is received by the antenna 
and inputted from a receiver to the modulator/demodulator block through the antenna 
switch and a reception filter or the like. Then, the modulated or demodulated signal 
is outputted as a voice to a speaker through the pulse-width modulating/coding block. 

A controller is disposed in order to control the antenna switch and the 
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modulator/demodulator block or the like. 
[0061] 

Because the controller also controls, in addition to the above, an LCD that is 
a display unit, keys such as an input unit for the numbers or the like, and a RAM and 
a ROM or the like, high precision is demanded of the controller, and the high- 
precision ceramic package tuning fork resonator 200 is used in order to meet this 
demand for a high-precision controller. 

That is, as shown in Fig. 3, because the connection electrode disposition 
portion represented by D is formed between the side surface electrode-use connection 
electrode 141 and the groove electrode 120d or the like in the crystal tuning fork 
resonator piece 100 accommodated in the ceramic package tuning fork resonator 200, 
contact and short circuits do not arise between the side surface electrode-use 
connection electrode 141 and the groove electrode 120d, even if there is 
manufacturing error. 
[0062] 

Thus, the digital cellular phone 300 that includes the ceramic package tuning 
fork resonator 200, which can sufficiently exhibit the performance of the crystal 
tuning fork resonator piece 100, is formed. Also, the digital cellular phone 300 can 
be manufactured without raising manufacturing costs. 

Also, the shapes of the openings of the groove portions 120a and 130a of the 
arm portions 120 and 130 of the crystal tuning fork resonator piece 100 are formed so 
as to be substantially symmetrical with respect to the hypothetical line C-C of Fig. 3. 
Thus, the balance of the resonating of the arm portions 120 and 130 does not collapse 
and the natural frequency determined by the shapes does not change. For this reason, 
the digital cellular phone 300 is one where the frequency of the crystal tuning fork 
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resonator piece 100 is stable, there is no increase in the CI value representing 
vibrational energy loss, and fluctuations can be prevented in advance from occurring. 
[0063] 

(Fourth Embodiment) 

Fig. 7 is a diagram showing a crystal tuning fork oscillator 400 that is an 
oscillator according to a fourth embodiment of the invention. 

Many parts of the digital crystal tuning fork oscillator 400 shares a common 
configuration with that of the ceramic package tuning fork resonator 200 of the 
preceding third embodiment. Thus, with respect to the configuration and action or 
the like of the ceramic package tuning fork resonator 200 and the crystal tuning fork 
resonator piece 100, the same reference numerals will be added and description 
thereof will be omitted. 
[0064] 

The crystal tuning fork oscillator 400 shown in Fig. 7 is one where, as shown 
in Fig. 7, an integrated circuit 410 is disposed on the base portion 211 below the 
crystal tuning fork resonator piece 100 of the ceramic package tuning fork resonator 
200 shown in Fig. 5. 

That is, when the crystal tuning fork resonator piece 100 disposed inside the 
crystal tuning fork oscillator 400 resonates, the resonation thereof is inputted to the 
integrated circuit 410 and a predetermined frequency signal is thereafter retrieved, 
whereby the crystal tuning fork oscillator 400 functions as an oscillator. 
[0065] 

That is, as shown in Fig. 3, because the connection electrode disposition 
portion represented by D is formed between the side surface electrode-use connection 
electrode 141 and the groove electrode 120d or the like in the crystal tuning fork 
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resonator piece 100 accommodated in the crystal tuning fork oscillator 400, contact 
and short circuits or the like do not arise between the side surface electrode-use 
connection electrode 141 and the groove electrode 120d or the like, even if there is 
manufacturing error. 

Thus, the crystal tuning fork oscillator 400, which can sufficiently exhibit 
the performance of the crystal tuning fork resonator piece 100, is formed. Also, the 
crystal tuning fork oscillator 400 can be manufactured without raising manufacturing 
costs. 
[0066] 

Also, the shapes of the openings of the groove portions 120a and 130a of the 
arm portions 120 and 130 of the crystal tuning fork resonator piece 100 are formed so 
as to be substantially symmetrical with respect to the hypothetical line C-C of Fig. 3. 
Thus, the balance of the resonating of the arm portions 120 and 130 does not collapse 
and the natural frequency determined by the shapes does not change. For this reason, 
the crystal tuning fork oscillator 400 is one where the frequency of the crystal tuning 
fork resonator piece 100 is stable, there is no increase in the CI value representing 
vibrational energy loss, and fluctuations can be prevented in advance from occurring. 
[0067] 

(Fifth Embodiment) 

Fig. 8 is a diagram showing a cylinder-type timing fork resonator 500 that is 
a resonator according to a fifth embodiment of the invention. 

The cylinder-type timing fork resonator 500 uses the crystal tuning fork 
resonator piece 100 of the preceding first embodiment. Thus, with respect to the 
configuration and action or the like of the substantially H-shaped crystal tuning fork 
resonator piece 100, the same reference numerals will be given and description 
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thereof will be omitted. 
[0068] 

Fig. 8 is a schematic diagram showing the configuration of the cylinder-type 
tuning fork resonator 500. 

As shown in Fig. 8, the cylinder-type tuning fork resonator 500 includes a 
metal cap 530 for accommodating the crystal tuning fork resonator piece 100 
thereinside. 

The cap 530 is press-fitted with respect to a stem 520 so that the interior is 
retained in a vacuum. 
[0069] 

Also, two leads 510 for retaining the crystal tuning fork resonator piece 100 
accommodated in the cap 530 are disposed. 

When a current is applied from the outside to the cylinder-type tuning fork 
resonator 500, the arm portion 120 of the crystal tuning fork resonator piece 100 
resonates so that the cylinder-type timing fork resonator 500 functions as a resonator. 

In this case, as shown in Fig. 3, because the connection electrode disposition 
portion represented by D is formed between the side surface electrode-use connection 
electrode 141 and the groove electrode 120d or the like in the crystal tuning fork 
resonator piece 100, contact and short circuits or the like do not arise between the 
side surface electrode-use connection electrode 141 and the groove electrode 120d or 
the like, even if there is manufacturing error. 
[0070] 

Thus, the cylinder- type tuning fork resonator 500, which can sufficiently 
exhibit the performance of the crystal tuning fork resonator piece 100, is formed. 
Also, the cylinder-type tuning fork resonator 500 can be manufactured without 
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raising manufacturing costs. 

Also, the shapes of the openings of the groove portions 120a and 130a of the 
arm portions 120 and 130 of the crystal tuning fork resonator piece 100 are formed so 
as to be substantially symmetrical with respect to the hypothetical line C-C of Fig. 3. 
Thus, the balance of the resonating of the arm portions 120 and 130 does not collapse 
and the natural frequency determined by the shapes does not change. For this reason, 
the cylinder-type crystal tuning fork resonator 500 is one where the frequency of the 
crystal tuning fork resonator piece 100 is stable, there is no increase in the CI value 
representing vibrational energy loss, and fluctuations can be prevented in advance 
from occurring. 
[0071] 

Also, although a crystal tuning fork resonator of 32.768 kHz was described 
as an example in each of the preceding embodiments, it is clear that the invention can 
be applied to a crystal tuning fork resonator of 15 kHz to 155 kHz. 

It should be noted that the crystal timing fork resonator piece 100 according 
to the preceding embodiments is not limited to the preceding examples. It is clear 
that the crystal tuning fork resonator piece 100 can also be used in other electronic 
devices, personal digital assistance, televisions, video equipment, so-called radio 
cassette players, clocks, and devices containing clocks such as personal computers. 
[0072] 

Moreover, the present invention is not limited to the preceding embodiments, 
and various alterations can be conducted in a range that does not deviate from the 
scope of the patent claims. Additionally, the configurations of the preceding 
embodiments can be changed by omitting parts thereof or optionally combining 
others not described. 
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[0073] 

[Effects of the Invention] 

According to the invention, a resonator piece, a resonator, an oscillator and 
an electronic device that can prevent in advance defects from arising in the electrodes 
and whose frequency characteristics and CI value are stable, and a resonator can be 
provided. 

[Brief Description of the Drawings] 
[Fig. 1] 

A schematic diagram showing a crystal tuning fork resonator piece that is a 
resonator piece according to a first embodiment of the invention. 
[Fig. 2] 

A schematic cross-sectional view along line A- A' of Fig. 1. 

[Fig. 3] 

A schematic diagram where the portion represented by B of Fig. 1 has been 
enlarged. 
[Figs. 4] 

(a) is a graph showing the frequency average and standard deviation in a 
case where shapes of openings of groove portions are asymmetrical with respect to 
the aforementioned hypothetical line C-C\ (b) is a graph showing the frequency 
average and standard deviation of the crystal tuning fork resonator piece pertaining to 
the present embodiment. 
[Fig. 5] 

A schematic cross-sectional view showing the configuration of a ceramic 
package tuning fork resonator according to a second embodiment. 
[Fig. 6] 
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A schematic diagram showing a circuit block of a digital cellular phone 
according to a third embodiment. 
[Fig. 7] 

A schematic cross-sectional view showing the configuration of a crystal 
tuning fork oscillator according to a fourth embodiment. 
[Fig. 8] 

A schematic diagram showing the configuration of a cylinder-type tuning 
fork resonator according to a fifth embodiment. 
[Fig. 9] 

A schematic diagram showing the configuration of a conventional crystal 
tuning fork resonator piece. 
[Fig. 10] 

A cross-sectional view along E-E' of Fig. 9. 

[Fig. 11] 

A schematic enlarged view of an F portion of Fig. 9. 
[Description of Reference Numerals and Signs] 
1 00 Crystal Tuning Fork Resonator Piece 

120, 130 Arm Portions 

120a, 130a Groove Portions 
120b, 130b Side Surfaces 
120c, 130c Surfaces 
1 20d, 1 3 Od Groove Electrodes 
120e, 130e Side Surface Electrodes 
140 Base Portion 

140d Base Portion Electrode 
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141 


Side Surface Electrode-use Connection Electrodes 


142 


Groove Electrode-use Connection Electrodes 


D 


Connection Electrode Disposition Portion 


200 


Ceramic Package Tuning Fork Resonator 


210 


Package 


211 


Base Portion 


212 


Seal Portion 


213 


Cover Portion 


214 


Package-side Electrode 


300 


Digital Cellular Phone 


400 


Crystal Tuning Fork Oscillator 


410 


Integrated Circuit 


500 


Cylinder-type Tuning Fork Resonator 


510 


Leads 


520 


Stem 


530 


Cap 



